Abstract. Based on the distribution of antibody titers against bovine viral diarrhea virus (BVDV) in 10 Michigan dairy herds, it was calculated that screening of 5 young stock for BVDV antibody titer could be used to distinguish herds with persistently infected (PI) animals from herds without such animals. The herds were selected to represent 3 different herd categories: A, herds without use of vaccination and without PI animals (5 herds); B, herds with use of killed vaccine but no PI animals (2 herds); C, herds with use of killed vaccine and presence of PI animals (3 herds). The animals were described as having high antibody titers (≥ 128) or low antibody titers (≤ 64). For animals from 9 to 18 months of age, the probability of obtaining at least 3 animals with high titers among a screening sample of 5 animals was calculated as < 0.001 for all herds in category A, < 0.01 for the 2 herds in category B, and > 0.99 for all herds in category C. Thus, among herds in this study, by categorizing 9-1 &month-old animals as having high titers (≥ 128) or low titers (≤ 64), herds with PI cattle could be distinguished from other herds by testing only 5 animals.
Bovine viral diarrhea virus (BVDV) is widespread throughout many areas of the world. 9 Calves infected in the first trimester of pregnancy develop immunotolerance against BVDV and are later born persistently infected (PI) with the virus. 8 These calves shed virus continuously, 9 and herds with PI cattle often have a high prevalence (> 90%) of seropositive animals. 6 Therefore, a high prevalence of seropositive animals is indirect evidence of the presence of PI animals. This connection has been utilized as a means of making a preliminary herd diagnosis by testing a small herd sample for antibodies against BVDV in areas where BVDV vaccination is not available. 3, 4 In areas where vaccines are used, the problem is more complex, because it has to be determined whether the antibody titer is due to vaccination or due to exposure to a PI animal. The antibody titers of cattle in herds with PI animals generally are higher than those among cattle in herds without PI animals, even if the cattle in the herds had been vaccinated with a killed vaccine. However, some herds without recent BVDV exposure may have older animals with high titers, presumably resulting from a previous exposure to a PI animal. 5 The objective of this study was to calculate whether determination of virus neutralizing antibody titers against BVDV in a small screening sample of animals can be a means of distinguishing herds with PI animals from those without PI animals, even when killed vaccine is used in the herds.
Materials and methods

Selection of herds.
Ten Michigan dairy herds were selected for the study. In 9 of these herds, all animals had been tested for BVDV and antibodies as part of a screening project. 5 Additionally, 1 herd had been tested for BVDV and antibodies in a pilot study prior to the screening project ( Table  1) . The herds were selected to represent the following 3 herd categories: A, herds without use of BVDV vaccines for the last several years and without PI animals; B, herds with use of killed BVDV vaccine and without PI animals; C, herds in which killed BVDV vaccine is used and PI animals are present. Five herds were selected representing category A; in 3 of these herds no BVDV vaccination had been used for more than 5 years, and in 2 herds BVDV vaccination had been used until about 4 years ago. Two herds were selected to represent category B, and 3 herds were selected to represent category C. In the 2 herds in category B, the first vaccination was given at approximately 15 months of age. In herd 1 in category B, the animals were revaccinated twice each year, and in herd 14 the animals were revaccinated each time at dry off. Birth dates of most animals in all herds were known. With the exception of herd 5, which consisted of mixed-breed cattle, animals in all herds were of the Holstein breed.
In the 10 herds selected, all animals had been tested for BVDV by an immunoperoxidase monolayer assay and for BVDV antibodies by virus neutralization test as previously described. 5 Antibody titers were determined by making 2-fold dilutions of sera ranging from 1:4 to 1:4,096.
Calculations. The animals were categorized according to antibody carrier status: 1, animals antibody positive (titer of that can be drawn from a population of N animals can be calculated from the formula
If exactly x antibody-positive animals have to be drawn in a screening sample of n animals, then n minus x antibodynegative animals have to be drawn in this sample. Thus the total number of ways the screening sample can be obtained
where Npos is the total number of antibody-positive animals and Nneg the total number of antibody-negative animals. The probability (P x ) of obtaining exactly x antibody-positive animals is then obtained by dividing by the total number of ways n animals can be drawn from the total number (Ntotal) of animals:
The calculations were performed in 2 ways, including either all animals in the herds or only those ranging in age from 9 to 18 months. The calculations were performed for each herd and for each herd category.
The age of each animal was calculated as the age on the date of herd blood testing. Data on birth dates were obtained from computer files of the Dairy Herd Improvement Association or from the farmer's own records, In addition to missing birth dates of some animals (Table 1) , the age of a number of animals was only reported within a certain margin: the ages of 58 animals in herd 15 were only known to the closest year, but because these cattle were all older than 2 years, it did not affect the categorization of cattle by age groups in this study. Further, the ages of 4 animals in herd 5 and 47 animals in herd 6 were only known to the closest month based upon the farmer's records, but misclassification Table 1 . Total number of cattle in herd, number of uncertain age, and number purchased from other herds in 10 herds selected for determination of antibody titers against bovine viral diarrhea virus.
≥ 4) or antibody negative (Table 2) ; and 2, animals with high titers (≥ 128) or low titers (≤ 64) ( Table 3) .
in a screening sample of 5 animals were calculated. The calculations were performed using the hypergeometric probability model. 3, 10 This model is analogous to the binomial probability model except that it accounts for sampling animals from a finite population without replacement. In general, the total number of combinations (C N,n ) of n animals Table 2 . Probability of obtaining at least 2 (P min2 ) or 3 (P min3 ) BVDV antibody-positive animals in a test sample of 5 animals. Ten herds belonging to 3 different herd categories are compared. 
in or out of the 9-18-month age group would only occur for a minimal number of animals.
Results
The distribution of antibody titers among herds in the 3 herd categories is shown in Figs. 1-3 . In Fig. 1 , herd 3, with only 6 seropositive animals, and herd 13, with no seropositive animals, are not shown.
Taking a screening sample among all animals in each herd, P min3 of obtaining antibody-positive animals showed a large variation in category A (0-0.963), whereas in categories B and C the probability was always greater than 0.9 (Table 2) . Taking the screening sample only among 9-18-month-old animals reduced P min3 in 2 herds (herds 5, 12) in category A but increased it in 1 herd (herd 11). P min3 in category B herds was lower in herds 1 and 14 but was still ≥ 0.252. P min3 in category C was 1.0 for all 3 herds (herds 6, 15, 21) ( Table 2) . P min3 was too high in several herds of categories A and B (both when sampling was done among all animals and when sampling was done among animals 9-18 months old) to make a screening sample based on seropositive versus seronegative a practice tool for distinguishing herds in categories A and B from herds in category C.
Making the same calculations based on the probabilities of obtaining animals with high antibody titers ( ≥ ( ≥ 128, P min3 varied between 0 and 0.415 in categories A and B and between 0.846 and 0.992 in category C when the screening sample was taken among all animals. However, taking the screening sample only among young stock (9-18 months old), P min3 of obtaining animals with high titers was < 0.001 for all herds in category A, ≤ 0.005 for the 2 herds in category B, and ≥ 0.994 for all herds in category C (Table 3) .
Discussion
Among the herds included in this study, the herds without PI animals and without vaccination had many antibody-negative animals, especially among young stock. Some of the older animals in one herd had high antibody titers presumably due to previous exposure to PI animals ( Fig. 1) . Animals in herds without PI animals but in which killed vaccines were used most often had medium high antibody titers (Fig. 2) , whereas most animals in herds with PI animals had high antibody titers (Fig. 3) .
This study investigated whether these differences in antibody titers among animals in herds with PI animals as compared with animals in herds without PI animals and either using no vaccines or using killed vaccines could be used as an indirect indicator for the presence of PI animals. If so, it would be possible to initiate an investigation of the BVDV infection status of a herd by investigating a few animals for antibodies instead of testing all animals in the herd. Thus, the probability of obtaining a spot sample of animals that could classify the herds correctly as to those with and without PI animals was calculated. Among the calculations in the present study, the most optimum distinction between herds with and without PI animals could be made by categorizing animals into groups with high BVDV antibody titers (≥ 128) and low titers (≤ 64) among animals 9-18 months old. Including only young stock and distinguishing between high and low titers was necessary to obtain good separation between herd categories. Distinguishing between animals with high and low titers helps to distinguish between vaccinated animals and animals exposed to PI animals. By only selecting young stock, we avoided including cattle with high titers due to previous exposure to PI animals (as in herd 12). The calculations shown are made for a spot test sample of 5 animals. In general, increasing the number of animals in the screening sample will increase the probability of correct classification. However, because P min3 for obtaining animals with high titers was < 0.001 for all herds in category A, ≤ 0.005 for the 2 herds in category B, and 20.994 for all herds in category C (Table 3) , there appeared to be no need for increasing the number of animals in the screening sample.
Ages of some of the animals were only known with 1 month accuracy. However including an animal of 8% months in the screening sample does not change the principle of the calculations as long as animals in the screening sample are old enough to have lost passively derived antibodies. Passively derived antibodies are usually lost by the age of 4-8 months. 2, 7 Among herds with incomplete knowledge of the vaccination status, the results may be difficult to interpret. Also, no investigations were performed in herds using live virus vaccines. Therefore, it is important before taking a screening sample for antibody analyses to eval- uate how detailed the vaccination history for the herd is.
The results of this study do not preclude some circumstances in which misclassification of the herds is possible. A false-positive herd diagnosis can occur if the PI cattle had been removed from a herd shortly before the screening sample is taken. In this situation, there will still be animals with high antibody titers until a new group of young stock has grown up. A falsenegative herd diagnosis is also possible if the PI cattle are very young and have not yet had time to disseminate infection through the herd. 3 Further, if animals are housed in separate buildings or locations, it would be best to take screening samples from each group of cattle. In general, recently purchased animals should be excluded from the screening sample because they may only reflect the status of the herd of origin. However, purchased animals were included in the calculations in this study, and exclusion of these animals would not have changed the calculations.
Calculations on the 10 herds in this study gave very clear distinction between herds with PI animals and herds without such animals. However, if a larger number of herds had been included there probably would have been some misclassifications. Some of the problems with misclassification can be dealt with by repeating the screening sample at a later time. This is generally recommended because the infection status may change. Thus, herd 11 was correctly classified as not having PI animals. However this herd had acquired a recent infection, which may result in the birth of PI cattle later on. This information would not have been revealed if only a screening sample had been performed. Therefore, the screening should be repeated after 6-12 months in case the first screening sample indicated no presence of PI animals.
Use of a small screening sample for determination of antibody titer against BVDV seems to be an easy and inexpensive way of obtaining a herd diagnosis for the presence of PI animals. Identification of herds infected with BVDV has also been done by using polymerase chain reaction (PCR) techniques for analysis of bulk milk samples. 1 However, the testing of bulk milk samples would not distinguish herds with ongoing acute infection and no PI animals present from herds where PI animals are present. Combination of the two means of herd testing, small screening sample for determination of antibody titer and PCR on bulk milk, should be a more precise way of clarifying the infection status of dairy herds, i.e., to determine whether there is BVDV infection in the herd and if PI animals are present.
